Introduction {#sec1}
============

Celiac trunk (CT) compression syndrome caused by median arcuate ligament (MAL) is a rarely diagnosed disease because of its nonspecific symptoms, which cause a delay in the correct diagnosis. It was first described by J.D. Dunbar in 1965 \[[@cit0001], [@cit0002]\]. Median arcuate ligament syndrome (MALS) usually affects young people (20--40 years old), thin, often women. As a result of this condition intestinal ischemia occurs, which in 80% of people causes symptoms of abdominal angina (AA) -- abdominal pain occurring after ingestion of food. However, 20% of cases are asymptomatic \[[@cit0002], [@cit0003]\]. Nutritional disorders can result in weight loss in a relatively short time. The final diagnosis is established on the basis of imaging -- Doppler ultrasound, computed angiotomography, angiography and magnetic resonance angiography \[[@cit0004], [@cit0005]\]. One method of treatment for this disease is surgical release of the CT -- the intersection of the MAL \[[@cit0006], [@cit0007]\]. Using laparoscopy can decrease the trauma and is the first step of the hybrid technique combined with percutaneous angioplasty and stenting of the CT. An excellent therapeutic effect can be achieved. Laparoscopic surgery can lead to rapid clinical improvement and resolution of symptoms, and is characterized by a small number of complications, quick convalescence and an admirable cosmetic effect. The laparoscopic surgery alone can often eliminate discomfort, while angioplasty and stent implantation are no longer necessary \[[@cit0007]--[@cit0009]\].

Aim {#sec2}
===

The aim of the study was to demonstrate the usefulness and advantages of laparoscopic approach in the treatment of Dunbar syndrome.

Material and methods {#sec3}
====================

Patients {#sec3.1}
--------

Between 2013 and 2016 in the General and Minimally Invasive Surgery Department of the Medical Sciences Faculty of the University of Warmia and Mazury in Olsztyn, 6 laparoscopic procedures were performed because of MALS. Among the patients there were 3 women and 3 men aged from 22 to 40 years. Symptoms of AA lasted from 8 months to 12 years. During this period one patient was treated with a diagnosis of chest pain several times at the Emergency Department, 3 people received treatment for gastric and duodenal ulceration, and 2 patients were treated with the diagnosis of biliary colic, despite the lack of gall stones in ultrasound examination. Average body mass index (BMI) of patients was 19.25 kg/m^2^.

The correct diagnosis was achieved as a result of Doppler ultrasound, computed angiotomography or angiography, or a combination of these tests. Other causes of abdominal pain were excluded by abdominal ultrasound, endoscopy of the upper gastrointestinal tract, test for *Helicobacter pylori* infection, electrocardiography and laboratory tests excluding myocardial ischemia.

Surgical technique {#sec3.2}
------------------

The patient is positioned supine on the operating table with lower extremities abducted. The table is in an anti-Trendelenburg position. Carbon dioxide is insufflated into the peritoneal cavity to a pressure of 12 mm Hg. The first 10 mm trocar for the camera is introduced in the midline about 12 cm below the xiphoid process of the sternum. After a thorough inspection of the whole peritoneal cavity under the control of the vision, the remaining trocars are inserted: 5 mm in the right axillary line below the costal arch (retractor of liver), 5 mm in the right mid-clavicular line (dissector), 10 mm in the left mid-clavicular line (harmonic knife) and 5 mm in the left anterior axillary line under the left costal arch (assist).

After inspection throughout the peritoneal cavity, the pars flaccida of the hepatogastric ligament was cut, revealing the left crus of the diaphragm. The CT and compressing ligament were exposed ([Photo 1](#f0001){ref-type="fig"}). The MAL was cut with a harmonic scalpel, which resulted in immediate filling with blood and increased diameter of the vessel ([Photo 2](#f0002){ref-type="fig"}). Then thorough hemostasis was performed. The drains were not inserted into the operating area. Patients were discharged on the first or second postoperative day. One patient left the clinic on the fourth postoperative day due to severe pain.

![Celiac trunk and compressing median arcuate ligament](WIITM-11-28835-g001){#f0001}

![Celiac trunk after cutting median arcuate ligament](WIITM-11-28835-g002){#f0002}

One month after laparoscopy 5 patients had Doppler percutaneous angioplasty of the CT with stent implantation in the Vascular Surgery Department in Pomeranian Medical University in Szczecin. One patient refused an additional procedure. The guidewire Terumo was inserted into the CT by the 6 Fr introducer sheath through the right femoral or left radial artery according to the Seldinger method. Then balloon angioplasty of the CT was performed. After predilatation the bare-metal stent was implanted, adjusted to the diameter and length of the vessel. Control angiography was performed. The punctured artery was compressed for 2 h. During the procedure 5000 U of unfractionated heparin were administered; afterward patients have taken 75--100 mg aspirin a day. Patients were discharged on the first postoperative day.

Results {#sec4}
=======

Six laparoscopic procedures were performed in the General and Minimally Invasive Surgery Department of Medical Science of University of Warmia and Mazury in Olsztyn and stent implantation was performed in 5 patients one month after in the Vascular Surgery Department in Pomeranian Medical University in Szczecin.

In one case, there was a conversion of laparoscopic surgery to open due to unmanageable intraoperative bleeding; the administration of blood components was not needed. In one case, because of persistent pain and a decrease in morphology in the postoperative period, ultrasound examination of the abdominal cavity was performed. It demonstrated the presence of a large hematoma in the retroperitoneal space at the surgical site. All patients reported relief of symptoms in the first days after the operation. The observation and control ultrasound examination as well as the supplementation of blood deficit were completed.

Discussion {#sec5}
==========

Median arcuate ligament syndrome has nonspecific symptoms, which makes it difficult to diagnose and leads to a delay in the correct diagnosis. The only way to complete the diagnosis of MALS is by abnormalities on imaging studies in correlation with clinical symptoms \[[@cit0010]\]. The severity of the symptoms correlates with the degree of stenosis of the CT \[[@cit0011], [@cit0012]\]. The first symptoms appear with the reduced flow through the lumen of the CT from 50% to 75%, increased severity of symptoms occurs at 75--90%, and with critical stenosis, when 90% of the lumen is constricted, the full-blown form of AA is observed \[[@cit0013], [@cit0014]\]. Abdominal organs are supplied by three major vessels extending from the aorta: the CT, the superior mesenteric artery (SMA) and the inferior mesenteric artery (IMA). Narrowing of the CT causes gastrointestinal symptoms, while isolated narrowing of the SMA or IMA does not cause abdominal symptoms \[[@cit0005], [@cit0008], [@cit0009], [@cit0015], [@cit0016]\]. Only their associated constriction leads to the occurrence of AA. The respiratory phase affects the severity of symptoms. The exhalation aggravates the symptoms. The reason is the mechanism of lifting the diaphragm up, which pulls the MAL, passing in a place where the right and left crura join before branching of the CT from the aorta, compresses it and causing pain. The CT leaves at the level of Th11-L1. High branching of this short vessel of the aorta correlates with the occurrence of MALS. Nerve fibers running close to the CT may have an impact on narrowing of the flow by its direct pressure. It is also worth mentioning that the onset of Dunbar syndrome is affected by the anatomical topography (anomalies occur in 25% of patients) and histological structure of the MAL (scar ligament tissue, in contrast to normal tissue, increases the risk of MALS) \[[@cit0008], [@cit0009], [@cit0017], [@cit0018]\].

There have been reports of using the technique of robotic surgery for intersection of the MAL \[[@cit0011], [@cit0014]\]. The hybrid method, a combination of laparoscopic patency of the CT and then stenting the vessel, is the best way to treat MALS, as is confirmed by the described cases. After laparoscopic surgery pain is almost immediately relieved, although on the first postoperative day it requires administration of painkillers "inadequate" for surgical trauma. The pain is probably related to the manipulation around the celiac plexus. Due to the risk of recurrence of symptoms, patients were qualified for percutaneous angioplasty and stent implantation. Stenting alone could not be performed because of technical issues. The angle of branching the compressed CT is too acute to insert the stent; moreover, the diameter of the vessel is strictured by the ligament. Because of the short time after the surgery and a small number of surgical procedures, we do not have data about the risk of recurrence after laparoscopic release of the CT without postoperative angioplasty. However, the combination of these two methods (laparoscopy and angioplasty) appears to be a satisfactory long-term solution \[[@cit0007], [@cit0013], [@cit0019], [@cit0020]\].

Conclusions {#sec6}
===========

The hybrid method, combining laparoscopy and angioplasty, seems to be a long-term solution, which increases the comfort of the patient, brings the opportunity for normal functioning and minimizes the risk of restenosis. Laparoscopic surgery is safe and technically relatively easy, especially for surgeons familiar with procedures in the upper part of the gastrointestinal tract.
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